in 1 of every 4 cases, the complication will be severe or life-threatening. 13 Childhood cancer survivors, therefore, require ongoing comprehensive long-term follow-up care to optimize long-term outcomes by successfully monitoring for and treating the late effects that may occur as a result of previous cancer therapies.
Because health risks associated with cancer are unique to the age at treatment and specific therapeutic modality, follow-up evaluations and health screening should be individualized on the basis of treatment history. To facilitate comprehensive and systematic follow-up of childhood cancer survivors, the Children's Oncology Group (COG) organized exposure-based health screening guidelines. This clinical report presents the pediatrician with guidance in providing high-quality long-term follow-up care and health supervision for survivors of pediatric malignancies by incorporating longterm follow-up guidelines developed by the COG into their practice 14 and by maintaining ongoing interaction with pediatric oncology subspecialists to facilitate communication regarding any changes in follow-up recommendations specific to the childhood cancer survivors under their care.
METHODS: DEVELOPMENT OF LONG-TERM FOLLOW-UP GUIDELINES
The COG is a cooperative clinical trials group supported by the National Cancer Institute with more than 200 member institutions. In January 2002, at the request of the Institute of Medicine, a multidisciplinary panel within the COG initiated the process of developing comprehensive risk-based, exposure-related recommendations for screening and management of late treatmentrelated complications potentially resulting from therapy for childhood cancers. The resulting comprehensive resource, the COG's Long-term Follow-up Guidelines for Survivors of Childhood, Adolescent, and Young Adult Cancers (COG LTFU guidelines), 14 is designed to raise awareness of the risk of late treatment-related sequelae to facilitate early identification and intervention for these complications, standardize follow-up care, improve quality of life, and provide guidance to health care professionals, including pediatricians, who supervise the ongoing care of childhood cancer survivors.
The methodology used in developing these guidelines has been described elsewhere. 15 Briefly, evidence for development of the COG LTFU guidelines was collected by conducting a complete search of the medical literature for the previous 20 years via Medline. After the screening recommendations were developed, a multidisciplinary panel (including experts from pediatric oncology and other pediatric subspecialties, nursing, radiation oncology, behavioral medicine, and patient advocacy) reviewed and revised the guidelines. A panel of experts in the late effects of childhood and adolescent cancer treatment then reviewed and scored the guidelines by using a modified version of the National Comprehensive Cancer Network "Categories of Consensus" system. 16 Each score reflects the strength of data from the literature linking specific late complications with therapeutic exposures, coupled with an assessment of the appropriateness of screening recommendations on the basis of collective clinical experience of the expert panel. The COG LTFU guidelines, therefore, are a hybrid of evidence-based and consensus-driven approaches to guideline development. Task forces within the COG monitor the literature on an ongoing basis and provide recommendations for guideline revision as new information becomes available. These task forces include general pediatricians and other primary care providers to incorporate a primary care perspective and facilitate effective dissemination of these guidelines into the "real-world" setting. Table 1 provides a summary of selected treatment exposures and associated late effects according to organ system as outlined in the COG LTFU guidelines. Fig 1 provides an example of an exposure-based recommendation from the COG LTFU guidelines.
The COG LTFU guidelines are designed for use in asymptomatic survivors presenting for routine health maintenance at least 2 years after completion of therapy. 15 They are not designed for disease-related surveillance, which generally continues under the guidance of the treating oncologist throughout the period when the patient remains at risk of relapse from his or her primary disease. This period of risk varies depending on diagnosis and is generally highest in the first few years, with the risk decreasing significantly as time from diagnosis lengthens.
CLINICAL APPLICATION OF THE COG LTFU GUIDELINES
Malignancies that present in the pediatric age range encompass a spectrum of diverse histologic subtypes that have been managed with heterogeneous and evolving treatment approaches. Over the last 20 years, treatment protocols for localized and biologically favorable presentations of pediatric cancers have been modified substantially to reduce the risk of therapy-related complications. Conversely, therapy has been intensified for many advanced and biologically unfavorable pediatric cancers to optimize disease control and long-term survival. Thus, not all childhood cancer survivors have similar risks of late treatment effects, including those with the same diagnosis. The diversity and potential interplay of factors contributing to cancer-related morbidity are illustrated in the case presentations summarized in Table 2 . In general, the risk of late effects is directly proportional to the intensity of therapy required to achieve and maintain disease control. Longer treatment with higher cumulative doses of chemotherapy and radiation, multimodal therapy, and relapse therapy increases the risk of late treatment effects. Specifically, the risk of late effects is related to the type and intensity of cancer therapy (eg, surgery, radiation therapy, chemotherapy, hematopoietic stem cell transplantation) and the patient's age at the time of treatment. Chemotherapy most often results in acute effects, some of which may persist and cause problems as the survivor ages. Many radiation-related effects on growth and development, organ function, and carcinogenesis may not manifest until many years after cancer treatment. The young child is especially at risk of delayed treatment toxicity affecting linear growth, skeletal maturation, intellectual function, sexual develop- ment, and organ function. Because pediatricians provide care across a continuum of developmental periods, they must also recognize that childhood cancer survivors face unique vulnerabilities related to their age at diagnosis and treatment. Risk-based care involving a systematic plan for lifelong screening, surveillance, and prevention that incorporates risks on the basis of previous cancer, cancer therapy, genetic predispositions, lifestyle behaviors, and comorbid health conditions is recommended for all survivors. 10, 17 Information critical to the coordination of risk-based care includes the date of cancer diagnosis, cancer histology, organs/tissues affected by cancer, and specific treatment modalities such as surgical procedures, chemotherapeutic agents and radiation treatment fields and doses, and history of bone marrow or stem cell transplant and bloodproduct transfusion. Knowledge of cumulative chemotherapy dosages (eg, for anthracycline agents), or dose intensity of administration (eg, for methotrexate), also is important in estimating risk and screening frequency. This pertinent clinical information can be organized into a treatment summary that interfaces with the COG LTFU guidelines to facilitate identification of potential late complications and recommended follow-up care (Fig 2) . Because of the diversity and complexity of pediatric cancer therapies, the treating pediatric oncology center represents the optimal resource for this treatment information. Furthermore, the need for ongoing, open lines of communication between the pediatric cancer center and the primary care provider is critical. Coordination of risk-based care for childhood cancer survivors requires a working knowledge about cancerrelated health risks and appropriate screening evaluations or access to a resource that contains this information. Individualized recommendations for long-term follow-up care of childhood cancer survivors can be customized from the COG LTFU guidelines on the basis of each patient's treatment history, age, and gender into a "survivorship care plan" that is ideally developed by, or in coordination with, the pediatric oncology subspecialist. In addition, the COG LTFU guidelines provide information to assist with risk stratification, allowing the health care provider to address specific treatment-related health risks that may be magnified in individual patients because of familial or genetic predisposition, sociodemographic factors, or maladaptive health behaviors. The patient education materials (known as "health links") that accompany the COG LTFU guidelines are specifically tailored to enhance health supervision and promotion in this population by providing simplified explanations of guideline-specific topics in lay language. 18 The COG LTFU guidelines, associated patient education materials, and supplemental resources to enhance guideline application, including clinical summary templates, can be downloaded from www. survivorshipguidelines.org. A Web-based platform that will allow online generation of therapeutic summaries with simultaneous output of patient-specific guidelines on the basis of exposure history, age, and gender is currently under development. 19 
DISCUSSION/RECOMMENDATIONS
Pediatricians are uniquely qualified to deliver ongoing health care to childhood cancer survivors, because they are already familiar with health maintenance and supervision for healthy children and adolescents and also provide care for patients with complex chronic medical conditions. The concept of the "medical home" has been endorsed by the American Academy of Pediatrics as an effective model for coordinating the complex health care requirements of children with special needs, such as childhood cancer survivors, to provide care and preventive services that are accessible, continuous, comprehensive, family centered, coordinated, compassionate, and culturally effective. 20, 21 Within this framework, the pediatrician is able to view the cancer survivor in the context of the family and to assist not only the survivor but also the parents and siblings in adapting to the "new normal" of cancer survivorship. The focus of care for the childhood cancer survivor seen in the general pediatric practice is not the cancer from which the patient has now recovered but, rather, the actual and potential sequelae of cancer and its therapy. Childhood cancer survivors are at a substantially increased risk of morbidity and mortality when compared with the general population. [5] [6] [7] [8] [9] [10] [11] [12] Their follow-up evaluations should be individualized on the basis of their treatment history and may include screening for such potential complications as thyroid or cardiac dysfunction, second malignant neoplasms, neurocognitive difficulties, and many others. 13 The COG LTFU guidelines should be used to guide development of individualized follow-up plans for each patient on the basis of his or her particular risk of late complications, which should be developed through a shared partnership that includes the general pediatric and pediatric oncology subspecialty providers, the child, and the family. The COG LTFU guidelines can assist the clinician in maintaining a balance between overscreening (which could potentially cause undue fear of unlikely but remotely plausible complications as well as higher medical costs resulting from unnecessary screening) and underscreening (which could miss potentially life-threatening complications, thus resulting in lost opportunities for early intervention that could minimize morbidity). Ultimately, as with all clinical practice guidelines, decisions regarding specific screening and ongoing clinical management for individual patients should be tailored to take all relevant factors (such as therapeutic exposures, medical and psychosocial history, and comorbidities) into consideration.
The pediatrician must also be aware that the childhood cancer experience is unique in that some survivors, given their young age at diagnosis, may not remember their cancer diagnosis or the treatment that they received. For others, parents may not have told the child about his or her cancer history. Therefore, it is not surprising that when childhood cancer survivors have been questioned regarding knowledge of their diagnosis and treatment, important deficits have been identified. 22 The pediatrician may need to request a cancer treatment summary and "survivorship care plan" from the pediatric oncology center if one is not provided at the time that the child transitions back to the primary care setting. Many pediatric oncology centers offer ongoing multidisciplinary follow-up care for childhood cancer survivors on an annual, 1-time, or as-needed basis. Some follow-up clinics are comprehensive and offer ongoing care and risk-based screening for childhood cancer survivors, and other follow-up clinics are consultative in nature and develop risk-based recommendations for ongoing follow-up (included in survivorship care plans) that can be conducted in the primary care setting. In any case, the components of a survivorship care plan should include recommendations for late-effects screening generated from the COG LTFU guidelines on the basis of therapeutic exposures, identification of the provider(s) who will be coordinating the indicated screening evaluations, and identification of the provider(s) responsible for communicating and explaining the results to the patient and/or caregivers.
In addition to screening for late effects on the basis of previous therapeutic exposures, health counseling and promotion of healthy lifestyles are important aspects of long-term follow-up care in this population. Oeffinger and colleagues 13 have shown that survivors of childhood cancer have a high rate of chronic health conditions when followed long-term. For this reason, it is essential for the pediatrician to provide anticipatory guidance regarding health promotion and disease prevention aimed at minimizing the risk of future morbidity and mortality. For example, survivors who are at risk of obesity, cardiovascular disease, and osteoporosis should be counseled re-garding the importance of eating a well-balanced diet (high in calcium, low in fat) and participating in regular exercise. The COG LTFU guidelines can be used to facilitate targeted education regarding health promotion. In addition to the verbal counseling completed in the office setting, survivors should also receive written and/or Web-based educational material that can be used to further reinforce their knowledge about their risks for specific late effects. These written and Web-based health education materials are called health links and are available with the COG LTFU guidelines at www.survivorshipguidelines.org. They can be printed for distribution in the primary care office setting and are available for viewing by patients and their caregivers on the Internet. 18 Again, it must be emphasized that the pediatrician is not alone in caring for the childhood cancer survivor. There are numerous multidisciplinary long-term follow-up programs for childhood cancer survivors, and most of these programs will work collaboratively with pediatricians to assist with the development of individualized survivorship care plans. Depending on geographic location, insurance coverage, and other considerations, some patients may return to the primary oncology center for annual or periodic visits, and their long-term follow-up care may be partially or entirely accomplished through these specialized centers, with the pediatrician providing the primary pediatric health care for those patients. However, for many survivors, long distances or other barriers may make specialized long-term follow-up impractical, and the pediatrician is often called on to provide both long-term follow-up and primary care for childhood cancer survivors in the community setting. Telephone consultation with the primary oncology team or associated long-term follow-up center is generally available to facilitate this ongoing care. For survivors who are identified as having chronic health problems as a result of their previous cancer therapy, the pediatrician can also work with the primary oncology center to obtain assistance with referrals to subspecialists knowledgeable in issues related to childhood cancer survivorship. In addition, a listing of COG-affiliated subspecialty survivorship clinics is available (www.childrensoncologygroup.org). These clinics are also excellent venues for pediatric residents to learn about the unique health care needs of childhood cancer survivors and of the long-term therapy-related risks that they continue to face across their life span; however, there are currently no formal mechanisms for including cancer survivorship in the training of medical students or pediatric residents.
Ensuring a smooth transition from pediatric to adultoriented health care services poses additional challenges in the care of childhood cancer survivors as they age out of the pediatric health care system. Pretransition planning is a critical element in the successful transition from pediatric to adult-oriented health care for all adolescents and young adults with special health care needs, including childhood cancer survivors, and the medical home model provides a strong foundation for this planning. 23, 24 The pretransition plan should outline the roles of patient, family, subspecialty and community health care providers in the ongoing care of the survivor to ensure a successful transition. Adolescent and young adult survivors should be well versed regarding their own health maintenance needs, their potential health risks, necessary ongoing screening related to their cancer therapy, and health-related behaviors that can reduce their risk of potential adverse sequelae. They need to be aware of the importance of maintaining continuous health insurance coverage to ensure access to screening for their late effects. This can be challenging, because many adolescent and young adult survivors are still defining career goals and, therefore, have not yet attained employerbased health insurance coverage. The adolescent or young adult cancer survivor may be grappling with unique treatment-related health issues, such as infertility, at a time when their sexual maturity and personal relationships are developing. Some may also be at risk of early death because of primary disease recurrence or second malignant neoplasms, 25 which in turn may require frank discussions regarding advanced directives. Therefore, adolescent and young adult survivors should leave the pediatric health care environment equipped with a comprehensive survivorship care plan, along with the knowledge and skills required to keep abreast of new information relating to their potential health risks as that information emerges.
Although late treatment effects can be anticipated in many cases on the basis of therapeutic exposures, the risk to an individual patient is modified by multiple factors. The patient with cancer may present with premorbid health conditions that influence tolerance to therapy and increase the risk of treatment-related toxicity. Cancer-related factors, including histology, tumor site, and tumor genetics, often dictate treatment modality and intensity. Host-related factors such as age at diagnosis, race, and gender may affect the risk of several treatment-related complications. Sociodemographic factors such as household income, educational attainment, and socioeconomic status often influence access to health insurance, remedial services, and appropriate risk-based health care. Organ senescence in aging survivors may accelerate presentation of age-related health conditions in survivors with subclinical organ injury or dysfunction resulting from cancer treatment. Genetic or familial characteristics may also enhance susceptibility to treatment-related complications. Problems experienced during and after treatment may further increase morbidity. Health behaviors, including tobacco and alcohol use, sun exposure, and dietary and exercise habits, may increase the risk of specific therapy-related complications. Although much is known about factors predisposing to cancer-related morbidity and mortality in this growing population, there is still much to learn to inform the development of interventions that will optimize survival rates for pediatric malignancies while limiting or eliminating therapy-related toxicities. This fact underscores the importance of longterm follow-up for childhood cancer survivors to accurately define health outcomes, characterize groups at high risk, and implement risk-reducing interventions.
SUMMARY
Given the high incidence of late effects experienced by childhood cancer survivors, it is essential that individuals who were treated for cancer during childhood receive long-term follow-up care from knowledgeable providers so that their care is appropriately tailored to their specific treatment-related risk factors. This is an exciting time for providing care to childhood cancer survivors. Discussion regarding the best models for providing survivorship care are emerging concomitantly with the availability of the COG LTFU guidelines. A recent review by Oeffinger and McCabe 26 proposed a "shared-care model" that includes roles for both the primary care provider and the cancer subspecialist in the care of cancer survivors. In this model, the generalist is responsible for routine health maintenance, management of comorbid diseases, and ongoing management of the physical and emotional needs of the survivor. The oncology subspecialist provides the generalist with the survivorship care plan and is available for ongoing consultation with the generalist regarding any areas of uncertainty. Most importantly, the emphasis is on providing ongoing 2-way communication between the generalist and specialist to optimize the follow-up care for childhood cancer survivors.
Ultimately, the goal of this clinical report from the American Academy of Pediatrics is to increase the awareness of general pediatricians to the readily available resource of the COG LTFU guidelines. These guidelines can, in turn, be used to develop a comprehensive yet individualized survivorship care plan for each childhood cancer survivor. The pediatrician works collaboratively with the pediatric oncology subspecialist, who develops the cancer treatment summary and survivorship care plan. The survivorship care plan can be used by general pediatricians as a "road map" for providing riskbased, long-term follow-up care in the community setting. Ultimately, ongoing communication between the pediatric cancer center and the primary care pediatrician is the cornerstone for providing high-quality care to this vulnerable patient population.
